Abstract: Common features of embryonic genome activation in mammalian and non-mammalian embryos are the colocalization of pre-assembled complexes of maternally inherited nucleolar proteins, the so-called nucleolus precursor bodies and de novo synthesized transcripts with ribosomal DNA. The de novo transcription of messenger RNA and ribosomal RNA proteins is required for the development of functional nuclei during the major activation of the embryonic genome. The aim of our work was to investigate to what extent. Autoradiography and transmission electron microscopy has been applied in in vitro produced bovine embryos. The embryos were cultured to the late 8-cell stage with: α-amanitin; a specific inhibitor of RNA-polymerases II and III transcription; actinomycin D; a specific inhibitor of RNA polymerase I transcription; and without inhibitors (control group). Nucleoplasm and nucleolar structures displayed strong autoradiographic labeling and showed the initial development of fibrillo-granular nucleoli in the control group. In α-amanitin groups, however, in both inhibited groups of embryos, lack of autoradiographic labeling and disintegrated nucleolus precursor bodies stage were observed. Our study of α-amanitin as well as in actinomycin D groups proves inhibition of transformation nucleolus precursor bodies to active nucleoli. From our results follows, actinomycin D is able to penetrate through zona pellucida, what was shown for the first time.
Introduction
Over the last few years, the rapid progress of in vitro produced embryos can be observed. It has been produced in thousands of in vitro young ones with higher rates of neonatal mortality, increased birth weights and dystocia; see, for example, Bertolini & Anderson (2002) . One factor that may deviate from the normal development of embryo in vivo is the sequential activation of the embryonic genome, which is crucial for normal embryonic development (Laurincik et al. 2003) .
The early stages of mammalian preimplantation embryos are driven by gene transcripts and polypeptides produced and stored in oocytes during their progress. During development, embryogenesis becomes contingent on de novo synthesized RNAs from the genome of the embryo. The embryonic genome is gradually activated after fertilization and takes control of development. Segue from maternal to embryonic control of development is a progressive process, referred to as the embryonic genome activation (EGA). This process includes the minor activation of the embryonic genome (which probably begins in the zygote) followed by a major activation at a later species-specific stage of development (Memili & First 1999; Hernandez-Verdun et al. 2002; Kovalská et al. 2010; Maddox-Hyttel et al. 2005; Svarcova et al. 2007a Svarcova et al. , b, 2008 . The EGA involves the activation of ribosomal RNA (rRNA) genes (rDNA), that are transcribed by RNA polymerase I (RNA pol I; Hyttel et al. 2000; Maddox-Hyttel et al. 2005; Laurincik et al. 2000; Viuff et al. 2002; Zatsepina et al. 2003) , new messenger RNA (mRNA) production (RNA polymerase II-RNA pol II) and formation of transfer RNA (tRNA) and 5 S rRNA (RNA polymerase III-RNA pol III; Kovalská et al. 2010) .
Activation of rRNA genes is essential for the embryo. Ribosomes are synthesized by transcription of rRNA genes, processing of the transcripts with numerous ribosomal proteins added to them. The rRNA genes are located in multiple repeats in the nucleolar organizer regions (NORs) of the chromosomes. Active transcription of the rRNA genes results in the formation of a nucleolus, which is formed around the NORs (Laurincik et al. 2003; Kovalská et al. 2010) .
The nucleoli of bovine embryos do not contain functional ribose-synthesizing nucleoli during the initial three post-fertilization cell cycles, i.e., up to the 8-cell stage when EGA occurs. Until this period the proteosynthesis is based on ribosomes inherited from the oocyte. The proof of maternally inherited rRNA and its role in embryonic nucleolar formation was first demonstrated by Svarcova et al. (2007b) .
The most prominent nuclear entities during these cell cycles are electron-dense spherical masses of tightly packed fibrils, named nucleolus precursor bodies (NPBs; Laurincik et al. 2000 Laurincik et al. , 2003 . Transformation of NPB into a fibrillo-granular nucleolus at the time of EGA includes the formation of primary eccentric and secondary peripheral vacuoles (Kopecny & Niemann 1993; Laurincik et al. 2003; Pivko et al. 2004) , followed by establishment of the typical nucleolar ultrastructure at sites, where chromatin penetrates into the NPB (Hernandez-Verdun et al. 2002; Laurincik et al. 2000) . In the following cell cycles, fully functional nucleoli contain: fibrillar centers (FC) (Hernandez-Verdun et al. 2002; Hyttel et al. 2001 ); a dense-fibrillar component (DFC), where rRNA (rDNA) are transcribed and initially processed; and finally, the granular component (GC), where the rRNA is further processed and packed with proteins into the ribosomal subunits. These structures are present from the onset of the cell-cycle, similarly as in somatic cells (Laurincik et al. 2003; Svarcova et al. 2008) . This functionally related organization is disassembled, when the rDNA is silenced during mitosis and during centre period of meiosis, when the rRNA synthetic and rRNA processing machineries become separated (Svarcova et al. 2008 ). This event occurs at the end of telophase in somatic cells (Dousent et al. 2000) and at the EGA in early embryos (Hyttel et al. 2000; Kovalská et al. 2010; Laurincik et al. 2003; Verheggen et al. 2000; Zatsepina et al. 2003) . At least in somatic cells, the re-assembly of the nucleolus occurs as a well-organized sequential process that is well described (Svarcova et al. 2008) . The assembly of postmitotic nucleoli includes the relocation of portions of the processing machinery from NPBs to rDNA, which is already associated with the transcriptional machinery (Angelier et al. 2005) .
The nucleolus requires a panel of proteins acting during transcription, initial and late processing of the rRNA. Certain amounts of these proteins or messenger rRNAs are inherited from the oocyte. Other nucleolar proteins have to be synthesized de novo. Previous works suggested that the appearance of some polypeptides in bovine embryos at 8-cell stage was inhibited by culture of the embryos with α-amanitin (AA), which blocked transcription driven by RNA pol II and III (Barnes & First 1991; Maddox-Hyttel et al. 2005) . Thus, these polypeptides are encoded by mRNAs derived from transcription of the embryonic genome before the 8-cell stage rather than by translation of mRNA of maternal origin (Maddox-Hyttel et al. 2005) . However, recent studies have demonstrated that the initial co-localization of processing proteins and nascent unprocessed or partly processed rRNA can generate segregated mininucleoli in the absence of RNA pol I transcription (Dousset et al. 2000) . Moreover, the targeting of proteins of the processing machinery to the inherited rRNA suggests that such proteins, to some extent, are maintained during mitosis and transmitted to the daughter cells (Hernandez-Verdun et al. 2002; Svarcova et al. 2008) . In contrast to somatic cells, early embryonic development is characterized by a period of one or several cell cycles when RNA pol II, then RNA pol III, and, finally, RNA pol I mediated transcription (Svarcova et al. 2008) .
The significance of RNA pol I transcription activation, as well as activation of RNA pol II and III, and their roles in early nucleologenesis, still need to be clarified. Therefore, the aim of the present investigation was to address the significance of embryonic mRNA and rRNA transcription for: i) de novo transcription of RNA pol II; ii) RNA pol I, RNA pol III-mediated messengers encoding nucleolar proteins for nucleolar assembly in early bovine embryos; iii) the development of embryonic nuclei. The mRNA synthesis in the embryos was blocked by AA and rRNA synthesis was inhibited by α-actinomycin D (AD). The embryos were processed for autoradiography and transmission electron microscopy.
Material and methods
For the significance of embryonic mRNA and rRNA transcription and the development of embryonic nuclei, the semithin sections for autoradiography were selected in parallel with those which were used for Transmission Electron Microscopy (TEM). For RNA pol II and III inhibition, embryos were cultivated with 50 µg ml −1 AA at different time intervals (6, 9, 12 h). The first subgroup (6 h) presented three embryos. The second one (9 h) included four embryos. In the third subgroup (12 h), four embryos were fixed and processed for autoradiography. For RNA pol I inhibition, embryos were cultivated with 0.2 µg ml −1 AD at different time intervals [3 h and "long-term" (LT)]. The first subgroup (3 h with zona pellucida) presented 3 embryos. The second one (LT with zona pellucida) included 3 embryos. In the third subgroup (LT without zona pellucida), two embryos were fixed and processed for autoradiography. In the third group, one embryo served as a control unit. The autoradiography proceeded for 6 weeks. For ultrastructural evaluation of the nucleologenesis during 4-cell cycle in preimplantation bovine embryos, selected semi-thin sections were re-embedded according to Hyttel & Madsen (1987) and processed for ultrathin sectioning (70 nm). 21 assays were chosen, 3 samples from each.
Oocytes recovery and in vitro maturation
Bovine embryos were produced by a well-established in vitro system . All chemicals were purchased from Sigma (Bie & Bertsen Roedovre, Denmark) unless otherwise indicated. In brief, bovine abattoir ovaries, collected from herds of unknown origin (mainly dairy cows of Jersey, Holstein-Friesian, and Danish Red breeds), were kept at 35
• C in 0.9% NaCl. Upon arrival at the laboratory, 2-3 h after slaughter, the ovaries were rinsed in warm saline, and oocytes were aspirated with an 18-gauge needle from follicles > 2 mm by use of a pump (KNF Miniport, type N74KN18; Neuberg, Germany). Follicular aspirates were collected into 50 ml plastic tubes (Nunc, Roskilde, Denmark) containing 3 ml Hepes-buffered basic medium-3 (HBM-3; 14, 15JL) with 1 mg ml −1 polyvinyl alcohol (PVA), 50 mg ml −1 gentamicine sulfate and 20 U ml
heparin to prevent clotting. Cumulus-enclosed oocytes were isolated from the pellet and washed three times in HBM-3 without heparin, and once in maturation medium (TMC-199 with Earle's salts [Gibco Life Technologies, Taastrup, Denemark]), containing 1 mg ml −1 PVA and 0.2 U ml
gonadotropins (eCG:hCG 2:1 mixture, Suigonan Vet; Intervet scandinavia A/S, Skovlunde, Denmark). Groups of up to 20 oocytes were matured in 0.5 ml maturation medium in 4-well culture dishes (Nunc) without oil for 24 h at 38.8
• C in 5% CO2 in air with saturated humidity.
Sperm preparation and in vitro insemination
After 24 h maturation, oocytes were washed once in in vitro fertilization (IVF)-Tyrode's albumin lactate pyruvate (TALP) (Bavister et al. 1983) , before transfer to 0.5 ml IVF-TALP in 4-well dishes without oil. The IVF-TALP medium contained 6 mg ml −1 BSA (Sigma A 4919), 0.25 mM sodium pyruvate, 30 mg ml −1 heparin (170 USP mg −1 and PHE (20 M D-penicillamine, 10 mM hypotaurine, 1 mM epinephrine). SPERM-TALP contained 6 mg ml −1 BSA, 1 mM sodium pyruvate and 50 mg ml −1 gentamicine sulphate. Straws of frozen bovine semen, from one bull of proven fertility, with 25 million live spermatozoa per straw, were thawed for 1 min at 37
• C, centrifugated twice at 300 ×g for 5 min in SPERM-TALP medium and adjusted to 25×10 6 ml −1 . The final sperm concentration for in vitro insemination was 2×10 6 ml −1 . Spermatozoa and oocytes were co-incubated for 20-22 h at 38.8
In vitro embryo culture After fertilization, cumulus cells and spermatozoa were removed by vortex for 1 min and washed three times in HBM-3 and one time in Menezo-B2 medium (INRRA Laboratoire, France). The Menezo-B2 medium, which contains 10 mg ml −1 BSA, was supplemented with 10% estrous cow serum (not-heat activated) from a single standardized batch. Embryos were cultured at 38.8
The early 8-cell stages (89-92 h) were cultured in a medium supplemented with 50 µg ml −1 of AA (first group) for 6 h (AA 6 h), 9 h (AA 9 h) and 12 h (AA 12 h). In the second group were early stages of embryos cultivated with 0.2 µg ml −1 AD for 3 h (from early 8-cell stage) with zona pellucida (AD 0.2 ZP) and "long term" subgroups (from 4-cell stage to late 8-cell stage: 40-48 h), concretely, the second subgroup (AD 0.2 LTZP) with zona pellucida and the third subgroup (AD 0.2 LT) with zona pellucida removal. The control embryos were cultured without inhibitor and fixed at the late 8-cell stage.
3 H-uridine incubation for autoradiography (ARG) Embryos harvested at the above-defined time point were incubated in 3 H-uridine (sp. act. 962 GBq/mmol; Amersham Pharmacia Biotech Europe GmbH, Freiburg, Germany) at a final concentration of 4 MBq/mmol for 20 min in gasequilibrated culture medium. After incubation with the radioactive precursor, the specimens were repeatedly washed in 3 H-uridine-free culture medium and fixed as described below.
Processing for light microscopic autoradiography and transmission electron microscopy After labeling with the radioactive precursor, the embryos were fixed in 3% glutaraldehyde in 0.1 M Na-phosphate buffer (pH 7.2-7.4). Subsequently, the specimens were washed in buffer, post-fixed in 1% OsO4 in 0.1 M Na-phosphate buffer, embedded in Epon, and serially sectioned into semi-thin sections (2 µm). Every second section was stained with basic toluidine blue and evaluated by bright field light microscopy. Selected 3-5 semi-thin sections per embryo were re-embedded according to Hyttel & Madsen (1987) and processed for ultra-thin sectioning (70 nm). The ultra-thin sections were contrasted with uranyl acetate and lead citrate and examined on a Philips CM100 transmission electron microscope. Selected un-stained parallel semi-thin sections were processed for autoradiography for detection of total RNA synthesis and nucleolus-associated RNA synthesis. The sections were coated with Ilford K5 liquid nuclear emulsion (Ilford, Basildon, Essex, UK) and exposed for 6 weeks at 4
• C. Finally, the specimens were developed in Kodak D 19 at 18
• C, stained with toluidine blue and evaluated by bright field and epipolarized light microscopy.
Results
Our work describes analysis of ARG studies combined with TEM analysis to detect the significance of embryonic mRNA and rRNA transcription and the development of embryonic nuclei. In the first series of experiments we have used in vitro embryos cultivated with 50 µg ml −1 of AA. The results of autoradiographic studies showed that the nuclei of the control group of embryos presented intensive autoradiographic labeling over the entire nucleoplasm as well as over the presumptive nucleolar structures (Figs 1B, 5B ). In the first hours of embryo incubation, as we have detected in two out of three embryos in AA 6 h, some of the nuclei showed limited autoradiographic labeling over the peripheral nucleoplasm (Fig. 2B) . In the group of embryos after 9 h (AA 9 h), all embryos lacked autoradiographic labeling over nucleolar structures. Only weak labeling over the peripheral nucleoplasm was observed in two out of three embryos (Fig. 3B) . In the group AA 12 h, all embryos lacked autoradiographic labeling over nucleoplasm and nucleolar structures. (Fig. 4B.) .
In the second set of experiments, embryos in their early stages were cultivated with 0.2 µg ml −1 AD for 3 h (from early 8-cell stage) with zona pellucida (AD 0.2 ZP) and "long term" subgroups (from 4-cell stage to late 8-cell stage: 40-48 h), thus the second subgroup (AD 0.2 LTZP) with zona pellucida and the third subgroup (AD 0.2 LT) with zona pellucida removal. The Fig. 1 . Control group: 1A -two nuclei with NPBs (arrows), scale 2 mm; 1B -two nuclei (arrows) showing intense autoradiographic labeling over the nucleoplasm and nucleolar entities (white arrow), scale 1 mm; 1C -developing fibrillo-granular nucleolus with formed FC and DFC surrounded by GC, scale 1 µm. Fig. 2 . AA6 h: 2A -two nuclei with NPBs (arrows), scale 1 mm; 2B -one nucleolus (arrow) displaying autoradiographic labeling over the nucleoplasm and poor labeling over nucleolar entities (white arrow). Non-specific labeling outside the nucleus of the blastomer (black arrow), scale 1 mm; 2C -nuclei containing densely packed fibrillar structures of nucleolar precursors without apparent formation of FC. Fig. 3 . AA9: 3A -two nuclei with NPBs (arrow), scale 2 mm; 3B -one nucleolus displaying poor autoradiographic labeling over the nucleoplasm (white arrow) with loss of labeling over NPBs. Non-specific labeling outside the nucleus of the blastomer (black arrow) in chain-like form, scale 2 mm; 3C -the nucleoli displayed densely packed fibrillar material connected to the nucleolar membrane (NE) without specific differentiation to nucleolar ultrastructural components. Scale 2 µm. Fig. 4 . AA12 h: 4A -three nuclei with NPBs (arrows). In one blastomer (grey arrow) two nuclei are present; probable impact of AA. Scale bar indicates 2 mm; (4B) demonstrated by absolute suppression of autoradiographic labeling over peripheral nucleoplasm and also over NPBs (white arrow). Non-specific labeling outside the nucleus of the blastomer (black arrow), scales 1 mm; 4C -this group shows apoptosis in many cases, which indicated spread of nucleolar membrane and marginating of chromatin around the nucleolar membrane (NE).
Figs 5-8. Light micrographs (5A, 6A, 7A, 8A), light micrographs from ARG (5B, 6B, 7B, 8B) and transmission electron micrographs of nucleolar structures (5C, 6C, 7C, 8C) of in vitro developed bovine embryos during the fourth cell cycle (8-cell), cultivated with 0.2 µg/ml AD (6, 7, 8), control group (5). Fig. 5 . Control group: 5A -two nuclei with NPBs (arrows), scale 2 mm; 5B -two nuclei (arrows) showing intense autoradiographic labeling over the nucleoplasm and nucleolar entities (white arrow), scale 1 mm; 5C -developing fibrillo-granular nucleolus with formed FC and DFC surrounded by GC, scale 1 µm. Fig. 6 . AD 0.2ZP: 6A -two nuclei with NPBs (arrows), scale 2 mm; 6B -one nucleus (arrow) displaying autoradiographic labeling over the nucleoplasm and poor labeling over nucleolar entities (white arrow). Non-specific labeling outside the nucleus of the blastomers in chain-like forms (black arrow), scale 2 mm; 6C -nuclei containing densely packed fibrillar structures of nucleolar precursors without apparent formation of FC. Fig.  7 . AD 0.2 LTZP: 7A -two nuclei with NPBs (arrows), scale 2 mm; 7B -one nucleus (arrow) displaying autoradiographic labeling over the nucleoplasm and lack of labeling over nucleolar entities (white arrow). Non-specific labeling outside the nucleus of blastomers in chain-like forms (black arrow). 7C -the nucleoli displayed densely packed fibrillar material connected to the nucleolar membrane (NE) without specific differentiation to nucleolar ultrastructural components. Fig. 8 . AD 0.2 LT: 8A -one nucleus with NPBs (arrows), scale 1 mm; 8B -absolute suppression of autoradiographic labeling over peripheral nucleoplasm and also over NPBs (white arrow). Nonspecific labeling outside the nucleus of the blastomer (black arrow), scale 2 mm; 8C -spread of nucleolar membrane and marginating of chromatin around the NE with no organization to nucleolar components observed.
control embryos were cultured without inhibitor and fixed at the late 8-cell stage. As shown in Fig. 6B in the group of AD 0.2 ZP, we did not observe any autoradiographic labeling over the nucleolar structures, but it was present over the nucleoplasm. We have detected only non-specific autoradiographic labeling in chain-like forms outside the nucleus of blastomers. In the group of AD 0.2 LTZP, the absence of autoradiographic labeling was more evident. Lack of autoradiographic labeling over nucleolar structures and weak or no labeling over peripheral nucleoplasm was detected. The non-specific autoradiographic labeling outside of the blastomer's nucleus in chain-like forms was more significantly marked as compared to previous group (Fig. 7B) . As seen in Fig. 8B , no autoradiographic labeling over NPBs or over nucleoplasm was identified in the group AD 0.2 LT. However, a non-specific labeling outside the blastomer's nuclei was significantly lower as compared to the previous group (Fig. 8B) .
The second method used for detection of ultrastructural development of embryonic nuclei was TEM. As seen from our experiments, in the control group, nuclei ultrastructurally displayed transforming NPBs with primary and secondary vacuoles. Fibrillar centers, DFC and GC were formed at the vacuolar periphery of NPBs signaling active transcription of ribosomal genes and processing of rRNA ( Figs 1C, 5C ). The micrographs of AA 6 h showed the nuclei, which contained densely packed fibrillar structures of nucleolar precursors without apparent formation of FC, DFC and GC. In two out of three embryos, increased heterochromatin condensation was observed at the nuclear periphery (Fig. 2C) . In the group of AA 9 h, two out of three embryos presented only intact NPBs attached to the nuclear membrane. In remnant embryos, clusters of loosely and tightly packed granular material could be seen signaling possible segregation of nucleolar material for DFC and GC. All embryos presented an intact double-layered nuclear membrane surrounding heterochromatin clusters (Fig. 3C) . The last group of embryos incubated with AA presented group of AA 12 h where all embryos showed signs of apoptosis (chromatin fragmentation, nuclear envelope dilatation) and a lack of nucleolus-related structures (Fig. 4C) .
A similar pattern was detected in the group of embryos cultivated with AD. In the group of AD 0.2 ZP with zona pellucida, after 3 hours, comprised dense fibrillar zones (presumptive DFC) and zones with granular character (supported GC) respectively. In one case existed the nuclear membrane apoptotic trait (Fig. 6C) . The same structures were shown in the group of AD 0.2 LTZP as in the group before. More cases revealed a spread of the nucleolar membrane and migration of chromatin along the nucleolar membrane, indicating early signs of apoptosis. In one sample, remnant of NPB was detected (Fig. 7C) . In the group of AD 0.2 LT, fragmented dense structures attached to the nuclear membrane were observed. We could not distinguish any ultrastructural components of nucleoli. Also, the nuclear membrane was spread with early marks of apoptosis; the condensated chromatin along the nuclear membrane had the same signs (Fig. 8C) .
Discussion
The rRNA molecules represent a template for the formation of processing compartments and may be crucial for nucleolar formation in early bovine embryos (Laurincik et al. 2000; Pivko 2004; Raska et al. 2004; Olson & Dundr 2005) . The rDNA is activated during the 8-cell stage, i.e., the fourth embryonic cell stage in in vitro produced bovine embryos (Kovalská et al. 2010; Svarcova et al. 2008 ). The EGA is a pivotal event in early embryogenesis and presents an outstanding example of cooperation between protein allocation, chromatin changes and overall nuclear reorganization. All of these aspects merge in de novo nucleoli assembly.
The importance of EGA in further embryo development, including the importance of de novo nucleolar formation related to particular activation of RNA pol I transcription (Laurincik et al. 2000 (Laurincik et al. , 2003 Pivko et al. 2004; Svarcova et al. 2007b Svarcova et al. , 2008 , was reported in previous studies from this group. On the other hand, as was shown by specific inhibition transcriptional activation of RNA pol II and III, activity of RNA pol I is not sufficient for formation of fully functional nucleoli in early embryos (Svarcova et al. 2007a ). On that account we focused on the selective inhibition of RNA polymerase I, II and III during the 4-cell cycle, i.e., 8-cell stage bovine embryos, which is characterized by initial formation of functional nucleoli.
The control group showed extensive transcriptional activity over the entire nucleoplasm (RNA pol II and III) as well as over nucleolar structures (RNA pol I). On the ultrastructural level, transformation of NPBs into functional nucleoli was observed (Dousset et al. 2000; Laurincik et al. 2000 Laurincik et al. , 2003 Svarcova et al. 2007a ), signaling successful activation of an embryonic genome.
Effect of α-amanitin
Cultivation for 6 hours partially inhibits RNA pol II transcription and the lack of nucleolar labeling signals completes inhibition of RNA polymerase. The missing factor, confirming the inhibition of RNA pol I, was the absence of FC. AA slows down transcription of RNA pol II, however, in condition of its high concentration, it also inhibits RNA pol III and consequently inhibits mRNA transcription and following proteosynthesis. The ultrastructure analysis has detected the nucleoli without apparent organization to DFC and GC attached to the nucleolus membrane, which correlated with results of experiments of other authors (Strejcek et al. 2005; Svarcova et al. 2007a, b) and our previous study (Kovalská et al. 2010) .
In the 9 hours group, the remnants of transcriptional activity could be seen, probably as a role of segregation or break-down of the nucleolar precursor's signals continued detrimental effect on EGA inhibition (Bushnell et al. 2002) . Also, ultrastructural viewing of this group coincided with previous experiments, where the segregated structures of the nucleoli resembling DFC and GC have been seen. This ascertainment could bring about translocation of maternal proteins because of an absence of embryonic transcription. This provided an evidence that EGA in cattle is characterized by minor genome activation between 1-4 cell cycles (Gnatt et al. 2001; Bushnell et al. 2002) . The absence of FC residues in this group and the poor labeling in nucleoplasm proved the inherence of late processing machinery proteins (nucleolin and nucleophosmin) participating in this process. It demonstrates the maternal background of nucleologenesis (Svarcova et al. 2007b; Kovalská et al. 2010) . As detected in the 12 hours group, this condition is lethal, stops all transcription and leads to apoptosis with significant signs on nuclear membrane and fragmented chromatin. These groups showed a loss of transcriptional activity as proved by 3 H uridine labeling. Any structures resembling nucleoli or less DFC and GC have not been observed Svarcova et al. 2007b) . Moreover, the inherence of the pre-rRNAs, which are actively associated with rRNA processing machinery during nucleologenesis, are, by absence of transcription of RNA pol II and III, also missing . As documented in this group, there were considerable marks of apoptosis. This entails programmed cell death as an outcome of disturbed homeostasis (Svarcova et al. 2007 (Svarcova et al. b, 2008 , which also correlated with our pervious study (Kovalská et al. 2010 ).
Effect of actinomycin D
As shown from autoradiography experiments, in the group with zona pellucida and 3 hours cultivation, we have detected inhibition of RNA pol I (no labeling over nucleolar structures), which was the key finding in our work. With this concentration and time interval by AD, we were able to inhibit only RNA pol I. The remaining polymerases were still active (labeling over the entire nucleoplasm). Interestingly, the non-specific labeling in chain-like forms was observed outside the blastomer's nucleus. We assume this could be caused by segregation or break-down of nucleolar precursor's signals (Svarcova et al. 2007a ). The ultrastructural picture correlated with ascertainment from previous experiments (Svarcova et al. 2007a; Verheggen et al. 2000) , where segregated nucleolar structures resembling DFC and GC were observed. However, we could not detect any FC as the indication of RNA pol I inhibition. Based on this data we proved that AD is able to penetrate through zona pellucida without loss of inhibiting potential of RNA pol I. For the first time ever this finding was confirmed by experiments from this group. We, as the first, have confirmed the selective inhibition of RNA pol I by this concentration and time interval outcoming from the previous experiments by bovine (Svarcova et al. 2007a ) and swine embryos (Svarcova et al. 2007b) . As was proved earlier, for future successful development, embryos necessarily need ribosomes (Laurencik et al. 2003) . Consequently, only partial inhibition of RNA pol I have fatal upshot for embryo survival. In the group with zona pellucida and long-term cultivation, we were not able to observe any labeling over nucleolar structures and we detected only low labeling over the entire nucleoplasm (the sign of inhibition of all three RNA polymerases). The nuclear membrane was, in most cases, well spread. We have also detected peripheral condensation of chromatin around the nuclear membrane (mark of apoptosis), which again correlated with previous results with the last outcomes by long-term AD incubation at lower concentration (Svarcova et al. 2007b (Svarcova et al. , 2008 . These findings were made on bovine or swine embryos with zona pellucida removal. Our hypothesis was based on embryos with zona pellucida . We envisage the zona pellucida comprises a minimal barrier for AD penetration into separate cells of an embryo, which was demonstrated also with ARG labeling and shown for the first time.
We have observed similar patterns of long-term incubation group with zona pellucida removal. No labeling in the nucleus of blastomers (no active RNA polymerases). Surprising was a higher no-specific labeling outside of the nucleus of blastomers, which could be caused by the effects of zona pellucida removal (Svarcova et al. 2007a ). We detected, on an ultrastuctural level, the occurrence of densely packed fibrillar nucleoli structures without evident organization into the FC, GC or less DFC attached to the nucleolar membrane with marks of apoptosis (enlargement of perivitelline space). It can suggest that long-term effects of AD are lethal to embryo cells, since the AD was in high concentration and, as we found out by long-term incubation too, inhibits all three polymerases (Dousent et al. 2000; Svarcova et al. 2008 ).
In conclusion, in AA groups as well as in AD groups, the transformation of NPBs to active nucleoli was inhibited. Therefore, the inhibition of mRNA and de novo synthesized molecules important for embryonic development (rRNA transcription and the production of the ribosome subunits) directly manages the nucleolar morphology and defends the regular transformation of NPBs to active nucleolus (Kovalská et al. 2010; Svarcova et al. 2008; Verheggen et al. 2000) . We also suggest that the zona pellucida presents a minimal barrier for AD penetration into separate cells of embryo.
